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(54) LASER ANNEALING SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser annealing system in 
which annealing is performed with excellent quality through a simple ; 
arrangement. 

SOLUTION: The laser annealing system comprises a pulse laser light 
source 1 generating first pulse laser light 2 having wavelength in visible 
region, and second pulse laser light generating means, i.e., a nonlinear 
optical element 10, for converting the waveform of a part of the first pulse 
laser light 2 and delivering a second pulse laser light 6, while is a second 
harmonic having wavelength in the ultraviolet region, while superposing 
on the first pulse laser light 2 coaxially therewith wherein an article 9 is 
irradiated with the first and second superposed pulse laser lights 2, 6. 
The article 9 is irradiated such that the irradiating region of the first pulse 
laser light covers the irradiating region of the second pulse laser light. 
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NOTICES* O O 

"PO and NCIPI are not responsible for any 
lamages caused by the use of this translation. 

.This document has been translated by computer. So the translation may not reflect the original precisely. 
I.**** shows the word which can not be translated. 
k In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



Detailed Description of the Invention] 
0001] 

Field of the Invention] This invention relates to the laser annealer used for the conductive improvement by the format 

>f melting polycrystal of an amorphous silicon, and recrystallization of the ITO (IndiumTin Oxide) film etc. 

0002] 

Description of the Prior Art] As an example of the conventional laser annealer, the laser annealer shown in JP,56- 
193 23, A is known. Drawing 10 is the block diagram showing the configuration of the conventional laser annealer slur 
n JP,56-29323,A. In drawing, the pulse laser light source I which is Q switch solid state laser generates the 1st pulse 
aser light 2 which is the fundamental- wave light pulse-ized by the Q switch. A beam splitter for 3 to branch the opticf 
)ath of the 1st pulse laser light 2 to a 2-way, The delay optical system which extends one optical path among the 1st p 
aser light 2 to which 4 branched to the 2-way by the beam splitter 3, The optical frequency multiplier with which 5 
curies out multiplying of the optical frequency of the 1st pulse laser light 2, and 6 are 2nd pulse laser light which is th 
ligher-harmonic light which carried out multiplying of the optical frequency of another [ which branched by the beam 
splitter 3 ] 1st pulse laser light 2 with the optical frequency multiplier 5. As for the dichroic beam splitter which 7 
penetrates the 1st pulse laser light 2 which is the fundamental- wave light of 45-degree incidence, and reflects the 2nd 
pulse laser light 6 which is the higher-harmonic-wave light of 45-degree incidence, and 8, convergent radiotherapy op 
system and 9 are irradiated samples. 

[0003] Next, actuation is explained. The pulse laser light source 1 generates the 1st pulse laser light 2 which is the 
fundamental-wave light pulse-ized by the Q switch. The 1st pulse laser light 2 which carried out outgoing radiation of 
pulse laser light source 1 branches to a 2-way by the beam splitter 3. Incidence of the 1st pulse laser light 2 which 
penetrates a beam splitter 3 is carried out to the delay optical system 4, it carries out outgoing radiation from the delay 
optical system 4 with a fixed time lag, and reaches the dichroic beam splitter 7. On the other hand, incidence of the Is 
pulse laser light 2 reflected in the direction of a right angle is carried out to the optical frequency multiplier 5, a part o: 
pulse laser light 2 is changed into the 2nd pulse laser light 6 to which multiplying of the optical frequency was carried 
by the beam splitter 3, and it reaches the dichroic beam splitter 7 by it. Since the dichroic beam sp Utter 7 is formed so 
it may reflect to the 2nd pulse laser light 6 which is the higher-harmonic light of transparency and 45-degree incidence 
die 1st pulse laser light 2 of 45-degree incidence, The optical path of the 2nd pulse laser light 6 to which multiplying c 
the optical frequency was carried out by the 1st optical path and optical frequency multiplier of the pulse laser light 2 
delayed according to the delay optical system 4 is compounded, and incidence of both the 1st pulse laser light 2 and tt 
2nd puke laser light 6 is carried out to the convergent radiotherapy optical system 8. According to the convergent 
radiotherapy optical system 8, both the 1st pulse laser light 2 and the 2nd pulse laser light 6 are adjusted so that a 
condensing pattern may have consistency to the exposure field of the irradiated sample 9, and they irradiate the irradiz 
sample 9. In addition, the time lag brought to the 1st pulse laser light 2 according to the delay optical system 4 is set u 
that it may become more than the time amount width of face for two pulses of the 1st pulse laser light 2 which is 
fundamental-wave light at least 
[0004] 

[Problem(s) to be Solved by the Invention] The conventional laser annealer was constituted as mentioned above, and 5 
it had the optical path from which fundamental-wave light and higher-harmonic light differ, the technical problem tha 
there were many equipment configuration elements, such as an optic, and equipment cost became expensive occurred. 
Moreover, since there are not only many equipment configuration elements, but need to compound the optical path wl 
once branched again correctly, they are that optical-path adjustment is complicated and technical-problem ****** [ it 
difficult and ] that maintenance nature is low. 
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0005] Moreover, it not only becomes cne cause of cost increase, but [ since delay optical system is separately establisl 
or timing adjustment with a fundamental wave and higher-harmonic light, ] since it was necessary to adjust the timing 
iindamental-wave light and higher-harmonic light actively, the adjustment element of equipment increased and the 
echnical problem that it became the cause of a maintenance nature fall occurred. 

0006] Moreover, the technical problem that there were very many optical elements which will be passed by the time t 
undamental-wave light which carried out outgoing radiation of the Q switch solid state laser results to an irradiated 
ample by branching of an optical path or installation of delay optical system, and the use effectiveness of a laser bean 
fell by the optical loss in each optical element occurred. 

0007] Moreover, since the fundamental- wave light which was not changed into higher-harmonic- wave light in the opi 
requency multiplier penetrated without a right angle bending in the direction of the irradiated sample 9 in the dichroic 
learn splitter 7, it occurred [ the technical problem that it became the cause of laser beam use degradation ]. 
0008] Moreover, since the fundamental-wave light of Q switch solid state laser usually had wavelength in an infrared 
egion, when annealing using silicon as an irradiated sample was performed, the fundamental-wave absorption-of-lighi 
nultiplier was very low, without having most thermal effects to an irradiated sample, the irradiated sample was reflect 
m transparency or an irradiated sample front face, and the technical problem that it was difficult to perform effective 
innealing occurred. 

0009] This invention was made in order to solve such a technical problem, and it aims at obtaining the laser annealer 

vhich can perform annealing which was excellent in quality with an easy configuration. 

0010] 

Means for Solving the Problem] A 1st pulse laser light generating means by which the laser annealer concerning this 
nvention generates the 1st pulse laser light which has wavelength in a visible region, Incidence of the 1st pulse laser li 
s carried out, and it carries out wavelength conversion of a part of 1st pulse laser light. It has the 2nd pulse laser light 
jenerating means which an ultraviolet area is made to superimpose the 2nd pulse laser light which has wavelength on t 
1st pulse laser light and the same axle, and carries out outgoing radiation to it, and enables it to irradiate the 1st pulse L 
ight and the 2nd pulse laser light on which it was superimposed at an irradiated object. 

001 1] As for the laser annealer concerning this invention, the 2nd pulse laser light generating means is characterized I 
generating 2 double higher harmonic of the 1st pulse laser light. 

0012] The laser annealer concerning this invention is characterized by the 1st pulse laser light generating means being 
he solid state laser which generates the 2nd higher harmonic as 1st pulse laser light, using a solid-state component as « 
ictive medium. 

0013] The laser annealer concerning this invention is characterized by being the solid state laser which the 1st pulse h 
ight generating means equipped with a resonator internal wave length conversion means to generate the 2nd higher 
larmonic as 1st pulse laser light. 

0014] The laser annealer concerning this invention is characterized by the 1st pulse laser light generating means being 
he solid state laser pulse-ized by the Q switch which generates the 2nd higher harmonic wave as 1st pulse laser light. 

0015] The laser annealer concerning this invention condenses the 1st pulse laser light and the 2nd pulse laser light on 
♦vhich it was superimposed, and is made to irradiate an irradiated lifter, its exposure field of the 1st pulse laser light is 
larger than the exposure field of the 2nd pulse laser light, and the exposure field of the 2nd pulse laser light is 
:haracterized by having a condensing means to make it located in the exposure field of the 1st pulse laser light. 
;0016] 

[Embodiment of the Invention] gestalt 1. of operation — the block diagram showing the configuration of the laser anne 
•vhich is the gestalt of implementation of this invention is shown in drawing 1 . In drawing 1 , the same sign as drawin ; 
10 shows the same part or the considerable part among drawing. In drawing 1 , the pulse laser light source 1 is 1st puis 
laser luminescence means which generates the 1st pulse laser light 2 which has the wavelength of a visible region. In tl 
optical path of the 1st pulse laser light 2, the nonlinear optical element 10 which is the 2nd pulse laser light generating 
means which carries out wavelength conversion of a part of 1st pulse laser light, is made to superimpose the 2nd pulse 
laser light which has wavelength in an ultraviolet area on the 1st pulse laser light and the same axle, and carries out 
Dutgoing radiation is established. Between the pulse laser light source 1 and a nonlinear optical element 10, the 1st pul: 
laser light 2 is condensed, the optical reinforcement of the 1st pulse laser light 2 at the time of the incidence of a nonlir 
optical element 10 is raised, and the condenser lens 1 1 for aiming at improvement in the wavelength conversion efficie 
to ultraviolet radiation is formed in it. Between a nonlinear optical element 10 and the irradiated sample 9 which is an 
irradiated object The beam diameter and beam divergence angle of the bend mirror 12 which bends the travelling 
iirection of the 1st pulse laser light 2 which carried out outgoing radiation from the nonlinear optical element 10, and t 
2nd pulse laser light 6 at a right angle, the 1st pulse laser light 2, and the 2nd pulse laser light 6 The beam adjustment 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_webcgiejje 



5/31 



; R,2000-0 1 2484, A [DETAILED DESCRIPTION] Page 3 o 

•ptical system 13 for adjusting and tfil^st pulse laser light 2, and the 2nd pulse laseik^ht 6 are condensed. It can adjui 

0 that the condensing pattern may have consistency to the exposure field of the irradiated sample 9, and the converger 
adiotherapy optical system 8 which is the condensing means which can irradiate the irradiated sample 9 is formed in t! 
erial toward the travelling direction of the 1st pulse laser light 2 and the 2nd pulse laser light 6. The irradiated sample 
astalled on a stage 14, and can be moved now to the upper and lower sides and right and left by the stage 14. 

0017] Using an Ar ion laser with an oscillation wavelength [ in a visible region ] of 515nm, the pulse laser light sourc 
the gestalt of implementation of this invention is pulse-ized with a Q switch, and is generating the 1st pulse laser lig 
:. In case the beta-BBO (beta-BaB 204, beta barium borate) crystal is being used for a nonlinear optical element 10, 
ncidence of the 1st pulse laser light 2 which is light with a wavelength of 515nm is carried out and the 2nd pulse laser 
ight 6 which is 2 double higher harmonic of the 1st pulse laser light 2 is generated, the front face of a beta-BBO cryste 
ut so that phase matching conditions may be fulfilled. Therefore, the 2nd pulse laser light 6 turns into ultraviolet 
adiation with a wavelength of 258nm. Moreover, although not shown in drawing, the adjustment device according to 
emperature and an installation include angle is prepared in the nonlinear optical element 10. The irradiated sample 9 h 
he amorphous silicon film, by irradiating a laser beam, carries out melting recrystallization and forms the polish recon 
ilm. 

0018] Next, actuation is explained. It is condensed with a condenser lens 1 1 and incidence of the 1st pulse laser light : 
vhich carried out outgoing radiation of the PAL friction mark 1 the light source 1 is carried out to a nonlinear optical 
jlement 10. Since the nonlinear optical element 10 is omitted so that phase matching conditions may be fulfilled at the 
ime of 2 double harmonic generation as mentioned above, wavelength conversion is carried out to 2 double higher 
larmonic, and a part of 1st pulse laser light 2 which carried out incidence to the nonlinear optical element 10 turns intc 
he 2nd pulse laser light which has wavelength in an ultraviolet area. Since the 2nd pulse laser light is generated in 
iccordance with the optical path of the 1st pulse laser light 2, if a gap of the travelling direction by walk-off is 
lisregarded, it can be considered that the 2nd pulse laser light 6 is what is generated on the same axle of the 1st pulse I 
ight 2. 

0019] The 1st pulse laser light 2 and the 2nd pulse laser light 6 which carried out outgoing radiation of the nonlinear 
>ptical element 10 are bent by the right angle by the same bend mirror 12, and carry out incidence to the beam adjustm 
>ptical system 13. The beam adjustment optical system 13 reduces a beam divergence angle while it consists of two or 
nore cylinder convex lenses and cylinder concave lenses and expands the beam diameter of the 1st pulse laser light 2 « 
he 2nd pulse laser light 6. 

0020] The 1st pulse laser light 2 and the 2nd pulse laser light 6 which carried out incidence to the convergent 
adiotherapy optical system 8 are condensed by the line. Here, since wavelength differs, the 1st pulse laser light 2 and i 
Jnd pulse laser light 6 produce chromatic aberration, and condensing points differ. In the gestalt of this operation, the 
leight of the irradiated sample 9 is adjusted by the stage 14 so that the condensing point of the 2nd pulse laser light 6 
vhich has wavelength in an ultraviolet area may be located on the irradiated sample 9. Therefore, the 1st pulse laser lig 

1 is in the condition which is not condensed enough, and the 2nd pulse laser light 6 irradiates the irradiated sample 9 ir 
he condition of having been condensed. 

0021] Drawing 2 thru/or drawing 4 are graphs which show time amount change of the optical reinforcement of the 1st 
raise laser light of the laser annealer concerning the gestalt of implementation of this invention, or the 2nd pulse laser 
ight. In drawing, the unit of the axis of ordinate which shows optical reinforcement uses the unit (arbitraryunit) of 
ubitration. Drawing 2 shows time amount change of the optical reinforcement of the 1st pulse laser light 2 before 
carrying out incidence to a nonlinear optical element 10, drawing 3 shows time amount change of the optical 
einforcement of the 1st pulse laser light 2 after carrying out incidence to a nonlinear optical element 10, and drawing j 
;hows time amount change of the optical reinforcement of the 2nd pulse laser light 6 generated in the nonlinear optical 
element 10. In the gestalt of this operation, since laser is pulse-ized using a Q switch, the optical reinforcement of the 1 
raise laser light 2 in front of nonlinear optical element 10 incidence starts quickly, and shows the wave which decrease 
jently-sloping after maximum light attainment on the strength. Therefore, the time amount location at the time of 
naximum light attainment on the strength is located in the first half of a pulse period wave in which time amount chan 
)f the optical reinforcement of the 1st pulse laser light 2 is shown. 

0022] The 2nd pulse laser light 6 is 2 double higher harmonic of the 1st pulse laser light 2, and the wavelength 
conversion efficiency to 2 double higher harmonic at the time of generating this 2 double higher harmonic is proportioi 
:o the square of the optical reinforcement of the wavelength-ed conversion light (here 1st pulse laser light 2) which car 
rat incidence to a nonlinear optical element 10 theoretically. Therefore, in drawing 2 , in the 1st pulse laser light 2 whi 
carries out incidence to a nonlinear optical element 10, the light near the maximum light reinforcement has the high rat 
changed into 2 double higher harmonic compared with other fields, and the rate that the light of the field where optical 
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reinforcement is low is changed intoC\louble higher harmonic becomes low. Consef^ntly, the time amount wave of 
1st pulse laser light 2 after nonlinear optical element 10 outgoing radiation becomes remarkable [ the optical strength 
reduction near the maximum light reinforcement ] compared with the time amount wave before nonlinear optical elem 
10 incidence, and appearance top full width at half maximum becomes long. In the gestalt of this operation, the full wi 
it half maximum of the 1st pulse laser light 2 is before and after nonlinear optical element 10 passage, and becomes lc 
vith about (R> drawing 2 2 reference) 70 to about (refer to drawing 3 ) 120ns. 

0023] Since the optical reinforcement of the 2nd pulse laser light 6 which is 2 double higher harmonic of the 1st puls< 
aser light 2 is proportional to the square of the optical reinforcement of the 1st pulse laser light 2 as mentioned above, 
ime amount wave of the optical reinforcement of the 2nd pulse laser light 6 turns into a wave as which the height oft] 
optical reinforcement of the 1st pulse laser light 2 in front of nonlinear optical element 10 incidence was emphasized, 
shown in drawing 4 . Consequently, the pulse period width of face of the 2nd pulse laser light 6 is short compared wit] 
lie pulse period width of face of the 1st pulse laser light 2. Moreover, since the maximum light reinforcement of the 2 
Dulse laser light 6 is equivalent to the maximum light reinforcement of the 1st pulse laser light 2, the 2nd pulse laser li 
5 is located in time in the first half of the 1st pulse laser light 2. In the gestalt of this operation, the full width at half 
naximum of the 2nd pulse laser light 6 is about (refer to drawing 4 ) 20ns to the full width at half maximum of the 1st 
pulse laser light in front of nonlinear optical element 10 incidence being about (referring to drawing 2 ) 70ns. 
;0024] In the gestalt of this operation, about 10% of the 1st pulse laser light 2 is changed into the 2nd pulse laser light 
The focal distance and installation location of a condenser lens 1 1 can adjust the conversion rate from the pulse laser I 
I to the 1st pulse laser light [ 2nd ] 6. That is, since the incidence reinforcement of the 1st [ to a nonlinear optical elem 
10 ] pulse laser light 2 changes by changing the focal distance and installation location of a condenser lens 1 1, the 
xmversion rate from the pulse laser light 2 to the 1st pulse laser light [ 2nd ] 6 is adjusted. 

[0025] The beam pattern which is the exposure field of the 1st pulse laser light 2 and the 2nd pulse laser light 6 on the 
irradiated sample 9 of the laser annealer concerning the gestalt of implementation of this invention is shown in drawin 
[n drawing, among drawing, the exposure field (beam pattern) 35 of the pulse laser light of **** 1 is larger than the 
exposure field (beam pattern) 36 of the 2nd pulse laser light 6, and the exposure field 36 of the 2nd pulse laser light is 
x>ndensed so that it may be located in the exposure field 35 of the 1st pulse laser light 2. 

[0026] The 2nd pulse laser light 6 is 2 double higher harmonic of the 1st pulse laser light 2, and since wavelength dififi 
the 1st pulse laser light 2 and the 2nd pulse laser light 6 can obtain easily the exposure field (beam pattern) of the 1st p 
laser light 2 shown by drawing 5 , and the 2nd pulse laser light 6. That is, since the usual optical material has the 
distribution from which a refractive index differs with wavelength, if the convergent radiotherapy optical system 8 is 
constituted using a single optical material, the chromatic aberration from which a condensing location differs with 
wavelength will occur. For this reason, if the irradiated sample 9 is installed in the condensing location of the 2nd puis 
laser light 6, the irradiated sample 9 will shift from the condensing location of the 1st pulse laser light 2 inevitably, an< 
the exposure field of the 1st pulse laser light 6 on the irradiated sample 9 will become the blurred thing. Consequently, 
drawing 5 shows, the exposure field 36 of the 2nd pulse laser light 6 is lapped and formed in the exposure field 35 inte 
of the 1st pulse laser light 2. 

[0027] Drawing 6 thru/or 8 are graphs which show the result of having calculated time amount change of the temperat 
□f the same amorphous silicon film which is the irradiated sample which irradiated the 1st pulse laser light 2 of a laser 
annealer or the 2nd pulse laser light 6 concerning the gestalt of implementation of this invention. Drawing 6 shows tin 
amount change of the temperature of the irradiated sample 9 at the time of irradiating only the 1st pulse laser light 2 af 
nonlinear optical element 10 passage at the irradiated sample 9. Drawing 7 shows time amount change of the temperat 
of the irradiated sample 9 at the time of irradiating only the 2nd pulse laser light 6 at the irradiated sample 9, and draw 
8 superimposes the 1st pulse laser light 2 and the 2nd pulse laser light 6, and shows time amount change of the 
temperature of the irradiated sample 9 at the time of irradiating the irradiated sample 9. Since the 1st pulse laser light 2 
and the 2nd pulse laser light 6 result from a nonlinear optical element 10 to the irradiated sample 9 through both the sa 
optical paths in the gestalt of this operation, The timing of the 1st pulse laser light 2 at the time of the 2nd pulse laser li 
6 generating [ in / in the timing of the 1st pulse laser light 2 at the time of superimposing both and irradiating the 
irradiated sample 9 and the 2nd pulse laser light 6 / a nonlinear optical element 10 ] and the 2nd pulse laser light is 
maintained. Therefore, as drawing 3 and drawing 4 showed, the 2nd pulse laser light 6 of about 20ns of full width at hi 
maximum is located in time in the first half of the 1st pulse laser light 2 of about 120ns of full width at half maximum. 
[0028] The 2nd pulse laser light of an absorption coefficient [ as opposed to amorphous silicon in about / 1.0x1 06cm - 
one ] is [ the absorption coefficient of the amorphous silicon whose absorption coefficient of the amorphous silicon wl 
is the irradiated sample 9 in the wavelength of 515nm of the 1st pulse laser light 2 is the irradiated sample 9 in the 
wavelength of 258nm of about / 1.0x105cm - / 1 and the 2nd pulse laser light 6 ] larger a single figure. Here, the depth 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web cgi ejje 



5/3: 



■ P.,2000-012484,A [DETAILED DESCRIPTION] Page 5 o 

enetration of the light to the matter iComes so shallow that the absorption coefficiL^ of the matter becomes large. F< 
lis reason, compared with the great portion of 2nd pulse laser light 6 being absorbed by the amorphous silicon film 
/hich is the irradiated sample 9, there are few rates that the 1st pulse laser light 2 is absorbed in the amorphous silicon 
itm. 

3029] As shown in drawing 6 , the temperature of the irradiated sample 9 at the time of irradiating only the 1st pulse L 
ght 2 As shown in drawing 7 , when only the 2nd pulse laser light 6 is irradiated to having changed to reduction, with 
jmperature's rising comparatively gently with exposure initiation, and reaching the melting point Temperature rose 
uickly from immediately after exposure initiation, and it resulted in the melting point of the irradiated sample 9, and f 
bout 30 - 40ns, after maintaining the constant temperature near the melting point, it has changed to decreasing. Since 1 
nd pulse laser light 6 has the large absorption coefficient to an amorphous silicon, when the 2nd pulse laser light 6 is 
rradiated at the irradiated sample 9, most amorphous silicons in the exposure field 36 of the 2nd pulse laser light 6 
ransfer it to the liquid phase. When only the 2nd pulse laser light 6 is irradiated, it is based on the latent heat of an 
morphous silicon that constant temperature is maintained near the melting point Moreover, as shown in drawing 8 , 
rtien the 1st pulse laser light 2 and 2nd laser beam 6 are superimposed and are irradiated, the constant-temperature 
•ersistence time near the melting point increases sharply compared with the case where only the 2nd pulse laser light 6 
rradiated, and the temperature near the melting point is maintained for about 150ns. This is because dissipation of the 
teat produced in absorption of the 2nd pulse laser light 6 was compensated effectively, when the irradiated sample 9 
bsorbs the 1st pulse laser light 2 with long pulse period width of face. 

0030] The fused amorphous silicon film starts coagulation with dissipation of heat. Under the present circumstances, j 
rystal grows up the silicon which remained without fusing completely by laser beam exposure to be a nucleus. For thi 
eason, the amorphous silicon film fused by laser beam exposure changes to the polish recon film with which granular 
ilicon single crystals gathered. The polish recon film has large electron mobility compared with the amorphous silicor 
ilm, and the transistor formed by polish recon has a remarkably quick working speed compared with what was formed 
vdth the amorphous silicon. The probability for the trap of the electron to be carried out in a grain boundary becomes h 
ind electron mobility becomes high, so that the particle size of silicon crystal grain becomes large. Therefore, in order 
brm the polish recon film which has high electron mobility, it is necessary to grow up the silicon crystal grain of the 
liameter of a large drop in the case of the melting recrystallization by laser beam exposure. \ 
003 1] It grows within a temperature fixed period [ / near the melting point ] until the amorphous silicon film reaches t 
netting point and the whole silicone film solidifies silicon crystal grain by dissipation of heat Therefore, if a temperati 
ixed period becomes short, crystal grain cannot fully grow but the particle size of the crystal grain in polish recon will 
>ecome small. For this reason, it becomes an important technical problem for forming the polish recon film of high 
ilectron mobility how a temperature fixed term question [ / near the melting point ] is kept long. 
0032] On the other hand, when superfluous energy is supplied to the amorphous silicon film which is the irradiated 
ample 9, the temperature of the irradiated sample 9 exceeds the melting point greatly, and an amorphous silicon is fus 
:ompletely. In this case, in order that the nucleus at the time of recrystallization may not remain, crystal grain is genera 
:o much. Consequently, crystal grain cannot become small and the polish recon film which has high electron mobility 
cannot be obtained. 

0033] When an absorption coefficient irradiates the 2nd pulse laser light 6 which has wavelength in an ultraviolet arez 
jreatly to the irradiated sample 9 according to the gestalt of this operation The amorphous silicon which is the irradiate 
;ample 9 is heated to the melting point at a stretch. Since the absorption coefficient to the irradiated sample 9 
aiperimposes the 1st pulse laser light which has wavelength in the small visible region where pulse period width of fac 
ong on the 2nd pulse laser light 6 and irradiates it to an irradiated sample compared with the 2nd pulse laser light 6 
dissipation of the heat generated in the irradiated sample 9 by the 2nd pulse laser light 6 can be compensated with the 
leat generated in the irradiated sample 9 by the 1st pulse laser light 2, and a temperature fixed period near the melting 
>oint can be extended effectively. Consequently, the diameter of crystal grain can form the polish recon film which ha* 
he high electron mobility more than 200cm/V by 1 micrometers or more. 

0034] Moreover, when the 1st pulse laser light 2 which has wavelength in a visible region, and the 2nd pulse laser ligl 
vhich has wavelength in an ultraviolet area are superimposed, the irradiated sample 9 is irradiated and it aims at extern 
)f a temperature fixed period near the melting point, the die length of a temperature fixed period changes with the 
sxposure timing of the 1st pulse laser light 2 and the 2nd pulse laser light 6 a lot. Therefore, when the 1st pulse laser lij 
I and the 2nd pulse laser light 6 are generated using the light source which became independent, respectively, it is 
iifficult to form in stability the polish recon film which always has a fixed property by the jitter at the time of both ligt 
;ource actuation etc. 

0035] However, since according to the gestalt of this operation wavelength conversion is performed using a nonlinear 
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ptical element 10, ultraviolet radiaticW is generated to the 1st pulse laser light 2 whiCr^ias wavelength in a visible regi 
nd it is used as 2nd pulse laser light 6, the generating timing of the 1st pulse laser light 2 and the 2nd pulse laser light ■ 
an always be kept constant. Moreover, since it generates on the 1 st pulse laser light 2 and the same axle in a nonlinear 
ptical element 10 and the 1st pulse laser light 2 and the 2nd pulse laser light 6 are transmitted from the nonlinear optic 
lement 10 to the irradiated sample 9 through the same optical path, the 2nd pulse laser light 6 can always keep constat 
ae exposure timing of the 1st pulse laser light 2 on the irradiated sample 9, and the 2nd pulse laser light 6, without 
stablishing an adjustment device separately. 

0036] Moreover, in the gestalt of this operation, 2 double harmonic generation is used as a wavelength conversion me; 
:> generate the 2nd pulse laser light 2. Since one kind is sufficient, the optical path of wavelength-ed conversion light a 
djustment of a beam diameter are easy, and, as for the wavelength-ed conversion light to which incidence of this 2 
x>uble harmonic generation is carried out to a nonlinear optical element 10 compared with the wavelength conversion 
aeans to other short wavelength, such as sum cycle mixing, can simplify the configuration itself. 
0037] Moreover, since it generates on the 1st pulse laser light 2 and the same axle in a nonlinear optical element 10 an 
tie 2nd pulse laser light 6 is transmitted through the same optical path from the nonlinear optical element 10 to the 
rradiated sample 9, an optical-path configuration not only becomes simple, but optical-axis doubling of the 1st pulse h 
ight 2 and the 2nd pulse laser light 6 etc. becomes unnecessary, and optical-path adjustment becomes very easy. 
0038] Moreover, since it is adjusted in the gestalt of this operation so that the exposure field 36 of the 2nd pulse laser 
ight 6 may be located in the exposure field 35 of the 1st pulse laser light 2 on the irradiated sample 9 as drawing 5 
howed, The exposure field 36 whole of the 2nd pulse laser light 6 is covered, and dissipation of heat is effectively 
*>mpensated by the 1st pulse laser light 2, and can form the polish recon film with it in the exposure field 36 whole of 
*nd pulse laser light 2 by it. [ a large particle size and ] [ uniform ] 

0039] Moreover, since optical materials, such as usual optical glass and a quartz, have the distribution from which a 
efractive index differs with wavelength, when dioptrics components, such as a lens formed with these ingredients, are 
ised, the chromatic aberration from which a focal distance differs with wavelength occurs. When condensing the light 
rom the light source with wide many wavelength or spectral band width with a dioptrics component, in order to anient 
chromatic aberration, usually the achromatism which forms a lens combining two or more ingredients with which 
efractive indexes differ is performed. As shown in the gestalt of this operation, however, inside [ exposure field 35 ] tl 
st pulse laser light 2 When arranging the exposure field 36 of the 2nd pulse laser light 6, the optical element formed v 
he single ingredient with which achromatism is not given is used. If the location of the irradiated sample 9 is adjusted 
hat the condensing point of the 2nd pulse laser light 6 may be located on the irradiated sample 9, the 1st pulse laser lig 
I Since it is condensed in a different location from the irradiated sample 9 top, as ****, the exposure field 35 of the Isl 
mlse laser light 2 becomes large compared with the exposure field 36 of the 2nd pulse laser light 6, and the exposure f 
>f the 2nd pulse laser light 6 comes to be located in the interior of the exposure field of the 1st pulse laser light 2. Thus 
he convergent radiotherapy optical system 8, the cheap lens which has not given achromatism etc. can be used for the 
nterior of the exposure field 35 on the irradiated sample 9 of the 1st pulse laser light 2 by arranging the exposure field 
)f the 2nd pulse laser light 6 where wavelength differs. 

0040] In the gestalt of this operation, although the configuration which uses an amorphous silicon for the irradiated 
iample 9, and forms the polish recon film by the melting recrystallization by laser beam exposure was shown, the 
rradiated sample 9 is not restricted to an amorphous silicon, may be the ITO film, for example, can apply this laser 
uinealer also to the conductive improvement by melting recrystallization of the ITO film. 

0041] Moreover, the output rate of the 2nd [ to the 1st pulse laser light 2 ] pulse laser light 6 should just choose the 
optimal value according to the absorption coefficient of the irradiated sample 9 to the 1st pulse laser light 2 and the 2n( 
julse laser light 6, the melting point, exposure area, etc. For example, the absorption coefficient of the irradiated samp] 
;hould just make low the output of the 2nd pulse laser light 6 to a big ingredient to the 2nd pulse laser light 6. In this c< 
f the incidence reinforcement of the 1st [ to a nonlinear optical element 10 ] pulse laser light 2 is reduced, since 
wavelength conversion efficiency will decrease, the output of the 2nd pulse laser light 6 can be made low. Moreover, tl 
ncidence reinforcement of the 1st pulse laser light 2 to a nonlinear optical element 10 can be easily changed by adjusti 
he focal distance of the condenser lens 1 1 arranged before a nonlinear optical element 10, arid the distance from a 
condenser lens 11 to a nonlinear optical element 10. 

0042] When annealing of the irradiated sample 9 was performed using the light source of single wavelength, the 
ibsorption coefficient of the irradiated sample 9 was always fixed, and since the thing in nanosecond order to control v 
lot easy, it depended for the pulse width of a laser beam to irradiate on optimization of exposure conditions adjusting c 
in output. Consequently, the class of irradiated sample 9 set as the object of annealing was restricted by the wavelengtl 
he light source, and pulse width. Since the equivalent pulse width and the equivalent absorption coefficient over the 
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radiated sample 9 can be changed by hanging the output rate of the 1st pulse laser (^it 2 and the 2nd pulse laser ligl 
'hen two pulse laser light from which wavelength differs is superimposed and it performs annealing of the irradiated 
imple 9, as shown in the gestalt of this operation, annealing of various ingredients can be performed compared with tt 
ase where the light source of single wavelength is used. 

)043] Gestalt 2. drawing 9 of operation is the block diagram showing the configuration of the internal wave length 
onversion mold solid state laser 101 which is the pulse laser light source which generates the 1st pulse laser light 2 of 
peration gestalt from which the laser annealer concerning this invention differs. The internal wave length conversion 
lold solid state laser 101 is equivalent to the pulse laser light source 1, is the same as that of drawing 1 , and omits 
xplanation of the part which overlaps the gestalt 1 of operation. [ of the configuration of laser annealers other than thii 
a drawing 9 , the YAG (yttrium aluminum garnet) crystal with which neodium ion was doped is being used for the sol 
tate-laser medium 15 which is the solid-state component used as an active medium with the gestalt of this operation. 1 
emiconductor laser 16 for exciting the solid-state-laser medium 15 is formed in the side of the solid-state- laser mediui 
5. The solid-state- laser medium 15 excited by semiconductor laser 16 emits the fundamental- wave laser beam 17 whi 
/avelength has in a 1064nm near-infrared region. On the optical path of the fundamental-wave laser beam 17, Q switcl 
8 for pulse-izing the fundamental-wave laser beam 17 is formed. The 1st edge mirror 20 and 2nd higher-harmonic 
jection mirror 22 are prepared in the location the solid-state medium laser 15 and whose Q switch 18 are pinched in 
etween. Moreover, between this 2nd higher-harmonic ejection mirror 22 and the 2nd edge mirror 21, wavelength 
onversion of the fundamental- wave laser beam 17 is carried out, and the nonlinear optical element 19 for second 
larmonic generations which generates the 2nd higher harmonic is established. When the KTP (KTiOP04, phosphoric- 
cid potassium titanate) crystal is used in the gestalt of this operation and incidence of the light with a wavelength of 
064nm is carried out, this nonlinear optical element 19 for second harmonic generations is omitted so that phase 
natching conditions may be fulfilled at the time of 2 double harmonic generation. Therefore, the wavelength of the 2n< 
igher harmonic serves as the 532nm light. Moreover, although not shown in drawing, the adjustment device of 
smperature and an installation include angle is prepared in the nonlinear optical element 19 for second harpionic 
;enerations. Moreover, the resonator which used the 1st edge mirror 20 as the end, and used the 2nd edge mirror 21 as 
ither end is constituted, and it has Q switch 18, the solid-state medium laser 15, and the 2nd higher-harmonic ejection 
tiirror 22 in the interior. The nonlinear optical element 19 for second harmpnic generations is also established on the 
tptical path inside this resonator, and constitutes the resonator internal wave length conversion means. Total reflection 
;oating which the 1st edge mirror 20 makes cause total reflection to the fundamental- wave laser beam 1 7 with a 
vavelength of 1064nm is performed. Total reflection coating which the 2nd edge mirror 21 makes cause total reflectioi 
10th fundamental^ wave laser beam 17 with a wavelength of 1064nm and 2nd higher harmonic wave with a wavelengtt 
i32nm is performed. The 2nd higher-harmonic ejection mirror 22 bends an optical axis, to the fundamental-wave laser 
>eam 17 with a wavelength of 1064nm, it carries out total reflection in order to take out the 2nd higher harmonic to the 
esonator exterior, and two-wave coating is performed so that it may become all transparency to the 2nd higher harmor 
vith a wavelength of 532m. The 2nd higher-harmonic ejection mirror 22 is pinched, and the bending mirror 23 which 
>ends the travelling direction of the 2nd higher harmonic taken out from the 2nd higher-harmonic ejection mirror 22 is 
brmed in the location of the nonlinear optical element 19 for second harmonic generations, and the opposite side. The 
>eam ejection aperture 25 which takes out the 2nd higher-harmonic- wave light is formed in the case 24 of the internal 
vave length conversion mold solid state laser 101. In Q switch 18, the amount of optical losses in a resonator can be 
changed. 

0044] Next, actuation is explained. First, the excitation light which carries out outgoing radiation from semiconductor 
aser 16 is irradiated from the optical-axis side of the solid-state-laser medium 15, and the solid-state-laser medium 15 
excited. In the excited solid-state-laser medium 15, the inverted population arises between the energy levels of the 
;pecification according to the wavelength of excitation light, and the atomic structure of an active medium. In the 
xmdition that the optical loss by Q switch 18 arranged in a resonator is large although the inverted population decrease 
>y spontaneous emmision and induced emission, the optical reinforcement in a resonator cannot increase and reduction 
he inverted population by induced emission can be disregarded. Therefore, as long as the inverted population augend I 
excitation exceeds the inverted population decrement by spontaneous emmision, the inverted population increases and 
ligh energy is accumulated into the solid-state-laser medium 15. If the amount of optical losses by Q switch 18 is quid 
educed where high energy is accumulated into the solid-state-laser medium 15, the spontaneous emmision light gener; 
vithin the solid-state-laser medium 15 will be shut up by the 1st edge mirror 20 and the 2nd edge mirror 21 in a resona 
he magnification operation by the induced emission of the solid-state- laser medium 15 will be received, and the optica 
einforcement of the fundamental-wave laser beam 17 in a resonator will increase quickly. Since the generating rate of 
nduced emission is proportional to the optical reinforcement which passes the solid-state-laser medium 15, in case the 
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undamental-wave laser beam 17 witC<^ptical high reinforcement passes through theGside of the solid-state-laser 
nediurn 15, induced emission will become remarkable and the inverted population will decrease below to a threshold. 
Consequently, the fundamental- wave laser beam 17 in a resonator suspends an oscillation. As mentioned above, pulse* 
ight with high peak light reinforcement can be generated by installing Q switch 18 in a resonator and fluctuating the 
>ptical loss in a resonator. Since the fundamental- wave laser beam 17 is especially considered as the configuration shi 
n the resonator which consists of the 1st edge mirror 20 and the 2nd edge mirror 2 1 in the gestalt of this operation, th< 
>ptical reinforcement of the fundamental- wave laser beam 17 in a resonator becomes very high. 
0045] In the gestalt of this operation, since the nonlinear optical element 19 for second harmonic generations is arranj 
n a resonator and the fundamental- wave laser beam 17 is shut up in the resonator by the 1st edge mirror 20 and the 2r 
sdge mirror, incidence of the fundamental- wave laser beam 17 with very high peak light reinforcement can be carried 
o the nonlinear optical element 19 for second harmonic generations. In the nonlinear optical element 19 for second 
larmonic generations, the rate that the fundamental-wave laser beam 17 is changed into the 2nd higher harmonic is 
proportional to the square of the optical reinforcement of the fundamental- wave laser beam 17 theoretically. Accordin 
lie resonator internal wave length conversion configuration which has a wavelength conversion means as shown in th 
gestalt of this operation in the optical path of a resonator, incidence of the fundamental-wave laser beam 17 of high 
intensity can be carried out to the nonlinear optical element 19 for second harmonic generations, and the 2nd higher- 
narmonic light can be generated efficiently. The 2nd higher harmonic generated within the resonator is taken out from 
2nd higher-harmonic ejection mirror 22 installed in the resonator by the resonator exterior. The 2nd higher harmonic ^ 
ivhich carried out outgoing radiation of the resonator has a travelling direction bent by the bending mirror 23, and can 
out outgoing radiation from the beam ejection aperture 25 to the exterior of a case 24. The 2nd higher harmonic whicl 
wavelength in the visible region which carried out outgoing radiation to the exterior of a case 24 is used for annealing 
1st pulse laser light 2 of the laser annealer concerning this invention. In addition, the generating approach of the 2nd p 
laser light 6, the transmission approach to the irradiated sample 9, and the exposure approach for the irradiated sampk 
are the same as the configuration shown with the gestalt 1 of operation except for being cut so that phase matching 
conditions may be fulfilled at the time of 2 double harmonic generation, when the include angle of.a cut of a nonlineai 
optical element 10 carries out incidence of the light with a wavelength of 532nm. 

[0046] In the gestalt of this operation, the fundamental- wave laser beam 17 which is in a near-infrared region using th 
solid-state-laser medium 1 5 is generated, wavelength conversion is performed for the fundamental-wave laser beam 1 
pulse-ized with Q switch 18 by the nonlinear optical element 19 for second harmonic generations, the 2nd higher 
harmonic which has wavelength in a visible region is generated, and it is used for annealing as 1st pulse laser light 2. ] 
wavelength conversion is carried out at the light and the fundamental-wave laser beam generated from a solid-state-la 
medium is used for annealing as 1st pulse laser light as shown in the gestalt of this operation, the same effectiveness a 
the gestalt 1 of operation is not only acquired, but unlike gas laser, such as argon laser used as the light source of the 1 
pulse laser light 2 in the gestalt 1 of operation, it can miniaturize the light source for the 1st pulse laser light generator 
Moreover, since the 1st pulse laser light 2 can be efficiently generated compared with gas laser, the running cost at th< 
time of annealing can decrease, and cheaply quality annealing can be performed. 

[0047] Furthermore, since the argon laser shown with the gestalt 1 of operation excites a gas medium with the electroi 
under discharge, it cannot avoid consumption of the electrode for discharge generating, and cannot be said to be excel 
enough in the viewpoint of dependability a life and over a long period of time, since it is markedly alike and dependal 
not only improves, but will improve over a long period of time if the solid-state-laser medium 1 5 is used as shown in i 
gestalt of this operation, annealing by which not only it is possible to aim at reduction of a maintenance cost, but quali 
was stabilized over the long period of time can be performed. [ stability's of an output ] Moreover, since a high increa 
power is easy compared with gas laser, it is easy to aim at improvement in the productivity of annealing. 
[0048] Although the example which used the YAG crystal for the solid-state-laser medium 15 was shown in the gesta 
this operation If the YLF (LiYF4) crystal which does not restrict the ingredient of the solid-state-laser medium 15 to t 
and doped neodium ion is used Since the life of spontaneous emmision is longer than a YAG crystal, the fundamental 
wave laser beam 17 in the wavelength of 1047nm or a 1052nm near-infrared region is not only obtained, but In case tl 
fundamental-wave laser beam 17 is pulse-ized with Q switch 18, energy can be efficiently accumulated into the solid- 
state-laser medium 15. Moreover, since change of the refractive index accompanying the temperature change of the sc 
state-laser medium 15 is smaller than a YAG crystal, the stability of a laser output and beam quality improves. If the 
solid-state-laser medium 15 has oscillation wavelength not only in a YAG crystal and a YLF crystal but in the near- 
infrared region which made reference here, it can apply all and should just select the best crystal according to conditio 
required for annealing. 

[0049] Moreover, although the configuration which performs wavelength conversion inside a resonator and generates 
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nd higher harmonic of a solid-state-dr medium in the gestalt of this operation waC^own If the optical reinforceme 
»f the fundamental-wave laser beam 17 is fully high even when the fundamental-wave laser beam 17 is taken out out o 
esonator The nonlinear optical element 19 for second harmonic generations is installed in the resonator exterior, 
wavelength conversion is performed in the resonator exterior, the 2nd higher harmonic is generated, and you may use i 
or annealing as 1st pulse laser light 2. If the nonlinear optical element 19 for second harmonic generations is arranged 
he resonator exterior, the alignment of a resonator not only becomes easy, but the stability of an output will improve 
urther and quality maintenance of annealing will become still easier. 

0050] Moreover, in the gestalt of this operation, although the configuration which uses semiconductor laser 16 as the 
;xcitation light source of the solid-state-laser medium 15 was shown, an arc lamp may be used as the excitation light 
ource of the solid-state-laser medium 15. Although it is inferior over a long period of time compared with semicondu* 
aser 16 in the viewpoint of dependability when an arc lamp is used as the excitation light source, since it is cheap 
:ompared with semiconductor laser 16, reduction of the manufacturing cost of annealing equipment can be aimed at. 
0051] Although the configuration which generates the 2nd pulse laser light 6 which uses the 2nd higher harmonic oft 
olid-state-laser medium 15 as 1st pulse laser light 2, is made to generate 2 double higher harmonic of the 1st pulse las 
ight 2 in the gestalt of this operation, and has wavelength in an ultraviolet area was shown The generating means of th 
Ind pulse laser light 6 which has wavelength in an ultraviolet area In using the 2nd higher harmonic of the solid-state- 
aser medium 15 instead of what is restricted to 2 double harmonic generation as 1st pulse laser light 2 Coincidence m; 
>e made to carry out incidence of the 2nd higher harmonic which is the fundamental-wave laser beam 17 of the solid- 
tote-laser medium 15, and the 1st pulse laser light 2 to a nonlinear optical element 10, sum cycle mixing may be 
>erformed, and the 3 time higher harmonic of the fundamental- wave laser beam which has wavelength in an ultraviole 
irea may be used as 2nd pulse laser light 6. The thermal load to the nonlinear optical element which performs wavelen 
conversion Since it becomes so high that the wavelength of the wavelength conversion light to generate becomes shorl 
he 3 time higher harmonic of the fundamental-wave laser beam 17 is used as 2nd pulse laser light 6 Rather than the cz 
vhere 2 double higher harmonic of the 2nd higher harmonic of the fundamental- wave laser beam 17, i.e., the 4 time 
ugher harmonic of the fundamental- wave laser beam 17, is used as 2nd pulse laser light 6, the thermal load of a nonlii 
>ptical element 10 which generates the 2nd pulse laser light 6 decreases, and the dependability of a laser annealer 
mproves. 

0052] In the gestalt 1 of operation, and the gestalt 2 of operation, although the configuration which pulse-izes a laser 
>eam using a Q switch was shown, even if it does not restrict the approach of pulse-izing to this and excites a laser ligl 
;ource by pulse operation, a pulse laser light applicable to annealing can be obtained. 
0053] 

Effect of the Invention] A 1st pulse laser light generating means to generate the 1st pulse laser light which has 
wavelength in a visible region according to this invention, Incidence of the 1st pulse laser light is carried out, and it 
carries out wavelength conversion of a part of 1st pulse laser light It has the 2nd pulse laser light generating means wl 
in ultraviolet area is made to superimpose the 2nd pulse laser light which has wavelength on the 1st pulse laser light aj 
lie same axle, and carries out outgoing radiation to it. Since it enabled it to irradiate the 1st pulse laser light and the 2n 
pulse laser light on which it was superimposed at an irradiated object Since effective annealing not only becomes 
possible, but the exposure timing of the 1st pulse laser light and the 2nd pulse laser light is always kept constant to var 
ingredients, the annealing quality which was always fixed can be maintained. Furthermore, since optical-axis doubling 
he 1st pulse laser light and the 2nd pulse laser light is unnecessary, maintenance nature, such as optical-path adjustme 
^an be raised. 

0054] Moreover, according to this invention, since the 2nd pulse laser light generating means generates 2 double high 
iiannonic wave of the 1st pulse laser light, the optical path of wavelength-ed conversion light and adjustment of a bear 
diameter are easy, and since the configuration of wavelength conversion can be simplified, reduction of the manufactu 
x>st of a laser annealer can be aimed at. 

[0055] Moreover, since the 1st pulse laser light generating means is the solid state laser which generates the 2nd highe 
harmonic as 1st pulse laser light, using a solid-state component as an active medium according to this invention, it can 
ittain the miniaturization of the light source for generating the 1st pulse laser light, and it not only becomes possible tc 
generate the 1st pulse laser light efficiently, but can aim at improvement in a life of a lamp and dependability. 
Furthermore, while it is possible for the laser output to be stable, and to always perform annealing of fixed quality sine 
high increase in power is also easy, the productivity drive of annealing can also be planned easily. 
[0056] Moreover, since the 1st pulse laser light generating means is the solid state laser equipped with a resonator inte; 
wave length conversion means to generate the 2nd higher harmonic as 1st pulse laser light according to this invention, 
interior light reinforcement of a resonator of the fundamental-wave laser beam generated from a solid-state-laser medii 
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s. raised, wavelength conversion is performed using a fundamental- wave laser beamC/ith optical high reinforcement, t 
st pulse laser light is generated efficiently, and reduction of the running cost of a laser annealer can be aimed at. 
0057] Moreover, since the 1st pulse laser light generating means is the solid state laser pulse-ized by the Q switch wh 
generates the 2nd higher harmonic wave as 1st pulse laser light according to this invention Generating of the fundamei 
vave laser beam of high intensity becomes easy, and the 2nd higher harmonic used as 1st pulse laser light is generated 
fficiently. The 2nd pulse laser light it not only becomes possible to aim at reduction of the running cost of a laser 
nnealer, but generated by carrying out wavelength conversion of the 1st pulse laser light Since it is located in the ante 
tart of the 1st pulse laser light in time, the 1st pulse laser light can compensate with the 2nd laser beam effectively 
lissipation of the heat produced in the irradiated sample, and annealing of high quality can be performed 
0058] Moreover, according to this invention, the 1st pulse laser light and the 2nd pulse laser light on which it was 
uperimposed are condensed. An irradiated lifter is made to irradiate and the exposure field of the 1st pulse laser light : 
arger than the exposure field of the 2nd pulse laser light. The exposure field of the 2nd pulse laser light Since it has a 
condensing means to make it located in the exposure field of the 1st pulse laser light It migrates to the whole exposure 
ield of the 2nd pulse laser light, and by the 1st pulse laser light, dissipation of heat can be compensated effectively, it < 
nigrate to the whole exposure field of the 2nd pulsed light, and homogeneity and quality annealing can be performed. 
Moreover, locating the exposure field of the 2nd pulse laser light in the interior of the exposure field of the 1st pulse la 
ight can use the cheap lens which has not given achromatism and which was formed with the single ingredient as a 
condensing means. 
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DESCRIPTION OF DRAWINGS 



Tirief Description of the Drawings] 

Drawing 1] It is the block diagram showing the configuration of the laser annealer concerning the gestalt 1 of 
implementation of this invention. 

[Drawing 2] It is the graph which shows time amount change of the optical reinforcement of the 1st pulse laser light ii 
front of the nonlinear optical element incidence of the laser annealer concerning the gestalt 1 of implementation of thi: 
invention. 

[Drawing 3] It is the graph which shows time amount change of the optical reinforcement of the 1st pulse laser light a 
the nonlinear optical element incidence of the laser annealer concerning the gestalt 1 of implementation of this inventi 
[Drawing 4] It is the graph which shows time amount change of the optical reinforcemerit of the 2nd pulse laser light 
generated in the nonlinear optical element of the laser annealer concerning the gestalt 1 of implementation of this 
invention. 

[Drawing 5] It is the top view showing the exposure field of the 1st pulse laser light and the 2nd pulse laser light on th 
irradiated sample of the laser annealer concerning the gestalt 1 of implementation of this invention (beam pattern). 
[Drawing 6] It is the graph which shows the calculated value of time amount change of the temperature of the irradiate 
sample at the time of irradiating the 1st pulse laser light of the laser annealer concerning the gestalt 1 of implementatk 
of this invention at an irradiated sample. j 
[Drawing 7] It is the graph which shows the calculated value of time amount change of the temperature of the irradiat< 
sample at the time of irradiating the 2nd pulse laser light of the 1 laser annealer concerning the gestalt 1 of implementati 
of this invention at an irradiated sample. 

[Drawing 8] It is the graph which shows the calculated value of time amount change of the temperature of the irradiate 
sample at the time of superimposing the 1st pulse laser light and 2nd pulse laser light of a laser annealer concerning th 
gestalt 1 of implementation of this invention, and irradiating an irradiated sample. 

[Drawing 9] It is the block which shows the configuration of the internal wave length conversion mold solid state lase 
used as the light source which generates the 1st pulse laser light of the laser annealer concerning the gestalt 2 of 
implementation of this invention. 

[Drawing 10] It is the block diagram showing the configuration of the conventional laser annealer. 
[Description of Notations] 

I Pulse Laser Light Source, 2 1st Pulse Laser Light, 6 2nd Pulse Laser Light, 8 Convergent radiotherapy optical systei 
An irradiated sample, 10 Nonlinear optical element, 15 A solid-state-laser medium, 17 A fundamental-wave laser beaj 
18 Q switch, 19 The nonlinear optical element for second harmonic generations, 20 The 1st edge mirror, 21 the 2nd e< 
mirror and 35 - the exposure field (beam pattern) of the 1st pulse laser light, and 36 The exposure field (beam pattern 
the 2nd pulse laser light, and 101 Internal wave length conversion mold solid state laser (solid state laser). 
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XAIMS 



Claim(s)] 

Claim 1] A 1st pulse laser light generating means to generate the 1st pulse laser light which has wavelength in a visib 
egion, Incidence of the pulse laser light of the above 1st is carried out, and it carries out wavelength conversion of a p 
)f pulse laser light of the above 1st. It has the 2nd pulse laser light generating means which an ultraviolet area is made 
aipenmpose the 2nd pulse laser light which has wavelength on the pulse laser light of the above 1st, and the same axle 
ind cames out outgomg radiation to it. The laser annealer which enabled it to irradiate the pulse laser light of the abov 
1st by which superposition was carried out [ above-mentioned ], and the pulse laser light of the above 2nd at an irradia 
>bject. 

Claim 2] The laser annealer according to claim 1 with which the above-mentioned 2nd pulse laser light generating me 
s characterized by generating 2 double higher harmonic of the pulse laser light of the above 1 st. 

Claim 3] Claim 1 characterized by the above-mentioned 1st pulse laser light generating means being the solid state la? 
vhich generates the 2nd higher harmonic as a pulse laser light of the above 1st, using a solid-state component as an act 
nedium, or a laser annealer given in two. 

Claim 4] 3 is [ claim 1 characterized by being the solid state laser which the above-mentioned 1st pulse laser light 
generating means equipped with a resonator internal wave length conversion means to generate the 2nd higher harmon 
is a pulse laser light of the above 1 st thru/or ] the laser annealer of a publication either. 

Claim 5] 4 is [ claim I characterized by the pulse laser light generating means of the above 1st being the solid state la$ 
julse-ized by the Q switch which generates the 2nd higher harmonic wave as a pulse laser light of the above 1st thru/oi 
he laser annealer of a publication either. 

Claim 6] 5 is [ claim 1 characterized by to have a condensing means condense the pulse laser light of the above 1st by 
*mich superposition was carried out / above-mentioned /, and the pulse laser light of the above 2nd, make the above- 
nenuoned irradiated lifter irradiate, and the exposure field of the 1st pulse laser light is larger than the exposure field o 
he 2nd pulse laser light, and make it the exposure field of the 2nd pulse laser light located in the exposure field of the 
julse laser light thru/or ] the laser annealer of a publication either. 



Translation done.] 



ittp://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fww 5/3l 



(i9)B*a#fWf (jp) 02) 3k ^fj # !ft 45: ^ (a) aimwmm^m^ 

#^2000-12484 
(P2000-12484A) 
(43)&BI B ¥^12^ 1 ft 14 9 (2000. 1. 14) 



(51)IntCL 7 
H0 1L 21/268 
21/20 
HOIS 3/00 



F I 

H0 1L 21/268 

21/20 
HOIS 3/00 



5F0 5 2 
5F0 7 2 



m&m* mxmv&e ol (£12 jo 





ftM¥lO- 178918 


(71)taSA 


000006013 










(22)mgJB 


¥JE£10<F 6 J! 25 B (1998. 6. 25) 




Ajft#=f«BaEyL©rt=iTe 2#3# 








mm m— 






















(72) IBM* 










JtoKSB^ttBBeytL©rt-T@ 2#3^ = 














(74)ftHA 


100057874 








#S!± #S5 iMB (*7«) 











(54) [s&wox&m') u-if7^-)vmm 



(57) [£*)] 

* "met Lfc u— f t --frmm&mz. 

if#2£S8£-f Fftjil ilO/</« 

Fjfe2#AW3*i, IS l n*** i>~ f ft 2 <o-n 

5^2 tfV/i'^U'— 1f)t6 £31 1 <7)s</l>Xl — 2 t 

ZV?^;*. U— «f ft 2 *5 JctfSS 2 <T>;<->\>7. \s—*r% 6 
flB.lt* 9 iCfigjfCt 4 <fc 5 \Z Lfco ttf&ttlfe 9 ±fc*JV* 
T, m 1 u— if3tOfiaJHH*^!B 2 <£>/nVu* u 

So 



1 : /<;i.*u— (fjfe-JS 

2 : 581 ro/t/uAu-ifjt 
6 : g26>/t*xi'-'yft 

8 : a*RSM*^i6(SOt¥f9) 

9 : arenas 

l 0 : #e»*5S5l-* 




1 

[*rilFfll*©*&H] 

±1EB 1 ©'^x u— tH^fc^AW^ix, ±1B® 1 ©''a- 
*©-»&»*£» LT. **M»c****r 
5^ 2 U— «F5t£±fEf! 1 ©^Ax U— J** t 
(^•6±lifi***Ttb»i-5* 2 u-U 1 #3S±* 
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2©5^-#©jtK*iEfti-5ii«*^ 5 14^1© 
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fi£ftfc£ i w/nVu^ if ft&itfiS 2 ©/nVu* u- 

1fft£*ftLT> ttJS*tft±ICJH»*ii\ JJl©y<^ 
u— !f 3t©B84«H*isJB 2 (O^ivt. u— !f 

[0 0 16] 

5rE! 1 Id^-Tc UlldtJ^T, Hf, ilOi^-f^- 
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AWNf©^l©^V^L'-1f*2©3t^S4riS*. 
)t^-©St*^^©(B|±^E13fc*©*Jfe^vXi l 
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10 |c, ^ 2 ©^ vu^. u-if 3fe 6 (DZ-ZWM LtzmG-iat, 
^»CM9, 3 0~4 0 n sggWffi, MfiMWO-JEU 
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* w— if * 6 SrJSJH- 6 r. t lei; «J , WSMttft 9 1?*> 
5T*;U7 7*S"; : »ti»j«*-C*PfRL, SI 2 
0>/<** if ft 6 icjftttliRJttttf 9 K:*H-5RiRffi 

1 <r>/<)\>7,\, — ifft£\ ^2<7)/<yu^u— *fft6 £fi5 

1 ©^u* i — if ft 2 {c J: 9 ttBgftRft 9 rt Lfc 

2 0 0 cm/V£l±0tt^«?-»|ME«:fi"*- 

[0 0 3 4] Sfc, Rra*li«*SrWi-5Kl©^^ 
u— J 8 ft 2 t . *^«lcttfiS:Wf 5IB 2 <D/</P* 
ifft6£ x B*LT«HMtK**9lcfiBI*U RjfeiffflF© 
ffl£-jeaiH]©Jifi£EI5»£\ IlO^xu- ifft 
2 t%2<Z>'<J\'Xi'— tfft6<£>l8at*-l' 5 ^{cko 
T\ fi«-:£fflro0>*SW:*t<£{b1-5. ftoT, IB 

1 tfWw;*. i — ifft 2if2 m/^^. u— ifft 6 Sr^rix 

[0 0 3 5] U4»U**se>, rroHJfew^ictntf. 

pra«^«ftS:«-i- am 1 ro^* i — 2 ic#u 

2f«ft*Si^l 0*^T*ft«*«:16L*fl.ft«r* 

^ 1 (D/^X W-if ft 2 £ |? 2 n^jVT. W-if ft 6 

S>^4r«t-?&U:«oria$-C#5. IB 

2 flV^UX W— ifft 6 l±> W&f&it^m* 1 0 fcfcl^T 
111 <Ds<>l<* V— ifft 2 iHtt±l£3S£U IB 1 (O/nVW 

* u— if* 2 tJitf^ 2 ev^x u— tf )t 6 i>m—yt& 

9 hX-nm 1 o/^* u— if ft 2tl2 <tv?/u;*. if 

[0 0 3 6] r<D|iJfe(n^ti<C*5V^-CI±, f|2(E> 
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<o, m&sftiitsimci-izttfx'tz. 

[0 0 3 7] i1t. %2<0'<>\s*V-<?%S\1&%m% 

1 0 i^fc-v^r^ 1 ro^/M u~~ if ft 2 t [slfiJblc 

lit, ttmm^m^i ofrbmMm*9*xm- 

T*ft < , ^ 1 ©✓•Vi'X U— if ft 2t^2 co^/U^. if 
ft 6 ka>%M£i?&*W*mkti: 9. ftBP»aJ#flfic 

[0 0 3 8] Sfc, r«JSI16©3K«»CS3V^TI±, B 5 T? 
10 ^Lfc«fc5l^ Sfigltf*^ 9 J:(7)f( i <7)/i/UX u— if ft 

2 <D®Mmm 3 5 rt 12 (tv-vux u- if ft 6 0>ma 

/l/^ U— if ft 6 <Z>flg#tflWfc 3 6 ^ifrlCfcfc 9 , ^ 1 £7)y< 

u— if ft 2 k i o x»«>«j43ss?aftfl«)^*i« $ 

-if ft 2 Ofiglt^tlE 3 6 r t ^T*# 5„ 

[0 0 3 9] ifc, ii^£0ft¥^7^^^roft^tt 

5o t>L< lix^i? hyugoJE^ft^^^wft 

S:«#fft#*^-tf*ft1-5»^» feHKM?rtiiE1-5f- 
IB^©^^5 2oJil±(DTO^ffl^b-frTWV 

rwHifero^liic^i-i 5 tc, ^1 u— if 

ft 2 CO.BB^Jg 3 5 F^^fC, m 2 <D/</l>X I — if ft 6 <D 

9 ±t JiS 2 u— if ft 6 ©*ft£#{fcMi-5 <t 5 

30 ffi.HB|t«^9(0{4B^|iS-t-mf< %lO>'<Ar*\s~-tf 
ft 2 It, 9 ± <t H:** 5ffi«T*ft * *t 5 fc 

UHl W^l'^U'-ifft2 0Bg|t^3 5 
li^ 2 <D/<A*X V- if ft 6 tOBgltffi® 3 6 (Cit^iS < ft 
5, & 1 I^-if ft 2 OflgW^rtgB |C, ^2 CO 

u-if ft 6 ©fiattffl«^tt«-fS ± 5 r 
Jgio^^u— !fft2 0*BMrtW9±w 

if ft 6 roRSIt^ 3 6 r t lc i *) , AftffiW 

40 XSr{6ffl-f5* t*«-c#5 0 

[0 04 0] w©H*©»16lCi3V^-Ctt, %RSM«^9 
t7^7 7^v'y =>^$rfiffiL, ifftffiltlCtS 

lift<. 0<Jx.lil TOSlT-fcoTt J:<, r,(7)U-if- 
T=-A'3fi«4r I TO)l(75^il!|fig B B B jk^J;5^«tt|fi] 

[0 04 1] Sfc, ^lC0/^U^l^-ifft2l^j!ti-5S 

2 ro/^^. i— if ft 6 rom/jW^-li, IB l (O/nVp^. u- 
50 if ft 2 km, 2 CO/^X U-ifft 6 Kttl-SttfigjWWfl. 9 
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±W\ #J;tl4, *2 0^l/- «f3t6te#U ttMft 
•W 9 ©SURSPAS* * L Tf4, ^2 <ZV^7 

Jt^*^ l o lc*H-5fl l o/</w^ u--if ft 2 oAttSS 
g£ffiT£i£;ixl4, »JiaElftS**i««'>i-5fc4t>, S&2 
©/<^xu- if ft 6 <DtB*Srffi<i-'5riAS-Ct5 0 4 

A«M4, #H»ft¥*^ l 0 ro^HulciES Lfcglft 

t«flOSWSIIS:lttt5:iT, **K«{bi* 

[0 0 4 2] Ifi— «Efi©3tSS:fflV^T. 
T--y>^Srfif5»S-, «««»W9©SWl*f±1IHc 
— S-cfe "j , BHI+i-3 U'— iffttfv^7.*I£:f/£M-- 

* t <c 5 8flRam» 9 wa«(±fijps snt^fc. r com 

MJ4, ^5 1 CQ^VUT. U-if ft 2t$2 u— if ft 

t5<OT\ *-&ft<Oft$i£&/S Lfc^lCJt^, 

[0 0 4 3] Hfi(Ofi2. 0914, -<£>3gW(c#5^ 

if* 2 £ifg£-r5^x u-ifft$iT-fc 
IBftu- if 1 0 lOflffiESr^l-^D s/7@Ti>.5„ 

»ft*8E«aa#^— !f i o ii4, ^vux u— if i 
roflifiKttui fcpi«T?*>9, nffio^sii tmrn-tzn 

— if 1 6*H*W— if&Rl 5©«;frKRtt$>ii-0* 
5 C ^ftu— if i 6liJ:oTBiB*nfcB*W'- ifi* 
SC15I4, &ft(41 0 6 4 nm<Dj05^#l-fc5S#ig 
v— ifftl 7£JfcHi1-5 0 £#«u-1fjfcl 7tf>ftS§± 
l-tt, S«l/- ifftl 7 fc^Vl^k-f •Sfcfc^Q*^ 
y^-i 8i«»»te>ixTV^. BttJISi — if l 5*34lf 
Q7-T yfl 8 SrMlctttrtMlc, miWffiSB57-2 
0 £&2igSSi£Sl PHILS 7-2 2^l4P>tlTV5o 
*fc, r0>S2»W«ft0ttiLS7-2 2 £$2 0>ffitt 
$ 7-2 1 ircoraic|4, g#j£u— fftl 7 
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Blt^m* 1 9 14, rwHJS©^(Jlt3^r»4KTP 

(KTiOPO, , 
fflLTtJ 1 ?, i&ftl 0 6 4 nmK>ft£A»LfcKI, 2{£ 

tLTI^S. {tot, ^2«pjSro^ft{4, 5 32 nmO 

6*i-o>a. Mioiffigp$7-2o 

10 AiMJilTfc^ -tOfigBiCteQT.-l' 7^1 8, @ffc 
fflEW if 1 5, 3S2fl9Hg|R0aL5 7-2 

fi*»#SSr*J«L-CV»5 D ^l^ffigP$7-2 0(4, 
1 0 6 4 n mWS^SE U—if * 1 7 ^*J" L±Slt$r 

7—2 1 »4{&ft 1 0 6 4 nm©i*jjEU- ifftl 
7iI55 3 2nmrof 2 t <nm%lzft L^Stt 

Srer**5±fi[jH=i— J'-f y^asit$ixTV>5 0 £2 
20 JStB&Bt 9 tti L S 7-2 2J43t$6Sr5f»3ft(f, ^2ifip 
«**fi«^SBfJi«l9ai-fc«)*ftl 0 6 4 nm©l* 
!f*l 7lcMLTI4^SltL, $ft5 3 2m©f 
2 iSPiSld^r LTI4^:S]© tj. 5 4 5 »C 2 — f -f 
>^KSSnTV^. H 2 fgff 9 ft L 5 7 -2 2?r 

ro{5:Slci|4, 02SP«»'9ttiL5 7-2 2^^fft)tti 

-2 3iSKfte>ixTV^5. rt«B«*S»S!Hft: !f 1 

0 1©^-X2 4IC1J4, 3?2i!53SiKft£St9ai1-fc'-A 
30 ll9tBL^2 5^»4P>ixt:v5 0 Q^yfl8T* 

14, *S«rt©3t»**Sr^t$*5ri:^T*5. 
[0 0 4 4] RKiMffrRiHi- 5. £"f, *#fl:u— if 

1 6*»6a4ti-5fiije3tSrH*V'— tftttKl 5<7>^f4{|iJ 
#4 9BJHbTH#W'- if^Sl scotae^ffpo 

0*^1-5^. *fi»rtKEtlLfcQ^-f'5'^l 8IC4 
5)ta^s*:tl^S8-CI4, *lf»rt©3fcSiffi4**L 

lc 4 5Kte^*m'>»€r±[Hl5 PS 9 Rft»*i4ii*o L . 

siM*;u*-a5@#u-if&fn 5rticsa$n5 0 

HT-, QX^ y^l 8^i5*a**S:«LjilwttT** 
5t, H#u-ifl)tKi 5rt-ej84Lfci«Rttffl3t»4 % 

SSl^lcfflCiift^ix, B#f- if«EKi 5(nmmi&iii 
ti6**f^ffll:tt9*lRllrt©S*tti'-if3ti 7(7) 
50 jfeai«tt«La^i«»Dl-5. R»ttW««4W*tt % @fr 
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u- fill 5 4:ffliBi-5*3S«^lt«1-5fcA. ft® 

WtQ^-fyf 18Sr!$fU *«§§ft©7fc«££ii 
t-?ft3£g©ifii/v-VP*3fc£3§£ 

Sfl5$7-2 id»fe*fifc£ft5#S«rtic:Hi:&«>5* 

[0 0 4 5] r©HlS©»«t*3V^Ttt, #£$A£5B 

2Si«Mffl»)t^l 9 4rKBU 3i»o» l 

-**!MCro!«^X**w— 9**1 7£ig2is5S§&3S£ 
ffl#iS§M^ffc^ 1 9^AM$t5Iim5. $B2 

S*^— tf?ti 7©ft3£g©2ft(cit0!|-f S„ r©H 
SLfcS2i^sijS^ , 9ajL5y-2 2 a>P> lc 

*9m*ix5. ^m^tnMLtim2Mmmt. wo* 

if 57-2 3lc:J;9jttf*lpJSrSf9ttff hti. t'-Alfc 
•JWL*2 5J:t>^-^2 4«3^.«|J^a4*i-5. * 

ttr©^Wf-^5 L'— tf— T--*m3.<o%i 1 ©/^ux 
U— 9"** 2 £ LT7=-!J yy\z&%£ti2> 0 fcfc, Jg 

*jMH* 1 0 ©* h OftmK 5 3 2 n m©ft£A 
ItLfci, 2ttffi»tt«£l$£&ttS&&fM'ttfcS*i 

[0046] z<omm<D&m\ci=^xiL a»^—fm 

1 7£, I2ill&14ffl^ii)tfif 1 9KJ;9& 

fflLT^S. -©^i6©JK®l-^i-J: pic, Hftu— if 
U $ l Jti LT7=- y y^Cffflt 

< , HJ£©ff21K l KfcvTSg l ©^/ux u— tf-'ft 2 ©ft 
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j!l<*r Ltlv^T^fc7;i'^yu- if^©#* u-if tl± 

a* >9 . mi ns<jux u— ?itm£.m<r>ytm&'hm{t-r 

<Os</V7, u— if ft 2 r t 5©T\ T 

[oo4 7] $f,i£ % mMmmiX'^LtzT^^yu 

-"fit. *fe«4 , ©«^(-J; | ?^x^a?rilbiei--5©T-, 

10 i^ftffl««tt©«^lc^v>T+^#ixTv^5 

fcv\ i©*i£©^Mlc^1-J:5l^ i«:^flf 1 

tH*©^^tttl6]±1-5©T\ Tf^T-^^x^x 

fc!?SK©S^UfcT=-y yyirff5rtis-C§5. 

u-lfKJt'^fflaflsdSgA-Cfcafcfc. 7 

[0048] ~<nni&<DMm\zto^x\-t. mwi — • 

II 5 tYAGfeftS:ttfflU*:ffil**Lfcas, B&u- . 
20 IfJKKl 5©W!|s|-ttr^c:|5B5'b©T-fi/«c<. 0l|x.tf^ 
K-7°LfcYLF (L i YFj ) ^ b b b 
n mJ)^)VMi 1 0 5 2 nm 

T'*< » S^tU©#^^YAGS B s B i 0 t€^©T\ 
Q^yfl 8T'l$Sl — -ft/tl 7&s</\sX{ttZ> 

mw is—fmm 1 5 ^icxi)^ j; < ^*/i>*-zmm 

1-5rt^T-#5o Hfri'— 5©i&£'g 

fkl-t fc^^JEfiT^w^WSYAG^BlJ: 9 4>/h$v>© 
T\ ^-ift±i73t3J;o:t'-A D c pH©^^^fp]±'t5 0 
30 H#U— riljf 1 514. rrt'MUcYAG^, Y 

[0 0 4 9] ifc, r©|life©ff^|C*i^TI4, 
7^®'9tliLfcm-g-T-fc. **RU— ifjtl 7©ft&g 

*s+»»cK»tixtf , « 2 toffiVLWkmitim%^m=f- 1 

iftjS4ffl#»«3t^*-7- 1 9 SrEHi-tttf. *fi§g©7 
7 •< p< V h \Zt£ *> ttfr 9 < , m73©^^ttli 

[0 0 5 0] it, C©Hi£©^tg{c4o^Tli, 

u— if 1 6«rH*u— vm*i 5<nmm%mt\^x@.m 
tzfflf&z^LfzfiK T-?7>7zm#i'—y : m'Ri 

50 fijtiit LTttfflLfc**, ftNHBMtt*Hft£-?¥W# 
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u—fi 6 Kit trow, ¥«t#i— if i eKit^- 
[0051] -nmi&mmiz.&'^xi*, mfc^—fig 

W 1 5 (OW, 2 SiP^S 1 (P^* U-if ft 2 £ LT& 
fflU fg 1 ro^/u;*. u— if ft 2<D2 fe%m®LZ%t±Z*± 
^m^S:^i-i>m 2 <^A-X I — if* 6 
itS«fi5c£^Ufc^ ^«»ciS^^*-r^^2co/^ 

®l^/NVU^l^-if*2tL-tffiffl-r5^{CH, @ft 
I'-if i 5 <£>S#& u~if ft ntli cd/nVv^. u 

-^%2X'hi>^2%m^. ttmmit^m? i o tcis] 

u-if ftco 3 2 c7V<A-x i^-if ft 6 

£:LT{£fflLTt>J:v\ SM&trff 5 #!§«^Sli^ 

S(5t'ffi< t£Z><F>X\ S#ftU— ifftl 7<D3^«^S 
£S 2 CD^Vu* I— if ft 6 t L-C&ffl-faxtf , u 
-ifftl 7(D^2S^iSK»2fHi^IS^, EP^ 
-ifftl 7<D4fe/g,ffl®.£Wi2<0/</l-XU—fyt6k t 
Tffiffl-T^^i^ S 2 (0/ </PX U-if ft 6 

[0 0 5 2] »JS<0^tgl^oJ;tfllS6<7?^|g2^t3V^T 
(i, QX^T -y^ffl^TU-ifft^/^x^-rSIS^ 

&i^m^—fitm.<omm^y<^^m^X'ffoxh. r- 
- u >?[zmm ^m^<^^ u—fftznz ^k&x$ 

So 

[0 0 5 3] 

3S l <»,<>V7. u-ifft£3S£-T5 31 l f-ifft 

M#St> Sl^/^U^U-ifftriSAtt^iV ^1© 

/NVu^u-Hf3t;ro-gB$:2Sfi^^Lr, 3t*f-*Kjfcft£ 
5SS 2 l/-ifft£|S 1 ©^Vux u— if fti: 

f£££«x., Sft$^c^iro^Vu^u-if3t^iif^ 
2 w/-^x u-if 3t4r^Ba.lt^i lcfla.lt 5 <fc ? Ic Lfc 

^•Slf* 1 Of/K, Si tfv</ux u-if ft £ S 2 

X U—if^WflBIt;?^ ^ V/^&IC-^tw&fcnSfc 
5„ if ft £ S 2 <0/>VUX u- 

ifft^ft^fcit^T^T-foSfcfc, ft&flfi^V'-r 
i- > fS]± £ -fr 5 r t ^T-# 5„ 
[0 0 5 4] rcD^ICifttf. I2/<;WI/- 

■fftWM^WrtK S l o/^ux u-ifftro 2f&SI^&5- 
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CDT\ u-ifT=-/U^gCD§£ii3X hcofigc^ia^r 

[0 0 5 5] ifc. rw^B^tCttlfi. ^lX/^k- 
ifft$i£¥l§:^ B^if^tlltLtffl^, Si 
<Ds<^x u- ifftt LT^2i«ipft^^±1--5@ft^- 
ifT*fcS<7?T\ Si ©^Vu*W-ifft£:g!£-f 5fc*!>tf> 
ft$i<D/h§Ht£l2I !3> 11 <D'<)V7. u-if ft£$«i i < 

[0 0 5 6] Sfc, r(D^BJ|Cj;ixli % $1/<WI/- 
ifft3§£#!S:#, SlW/'/u^u-ifftt LTS2SP 

ifr-*>5^T\ ifm«i DMt5S«u- 

ifftc*g^*|5ft^^j^ft s ft5Sgro«VN£^u 
-ifft!rffl^T«S^&£tTV\ »i<^l©/^ 
l^-ifft^^^L. u- ifr--^g<737 

[0 0 5 7] Z.(D%W\C Xtlit. %\0)'<lV7.\s 

-ifftl§±^a^, Si^^^^-ifftt 

-ifT*&5coT\ i^^gwX*&^-if3t©^^s^ 
{C* 5. ^1 W/nVux U-ifft fc LT^ffl-f ^S 2 
S^gd*J;<^±L > L—ifT=-;HgB<73 7 V-V;/ 

1 W/nVux u-if ft r t <t 9 Ig^-tS 
S 2 ox^ux u— if ftfi. S l ©/^^ i/— if %<Om% 

30 (CB#p B ^(Cfig-r5fcJ6, S2WW-ifftT-»fl8|t^ 

ic^ i:fcsiwfcj^?r % s i w/nvu?. u— if jtmmmz. 
mmL, ?i&'gnT--vy?£ft?z.ttfX'£z> 0 

[0 0 5 8] $.tz. Z<D%miz£hl^ Mg^^fcSl 
n,<>VT. u-ifftfcJ;t>'S2^<^ u— ifft£Hft t 

i?fl5|t^±(CflBM$-fr, S 1 W/^UX Ix-if ft^BB 

ftimm>m 2 u— if ft^flBwn^ £ u , s 

2 cov<;u^ u--ifftOflS#t0J^|± > S 1 (T>y<>v^ u—f 
ft(7)flB|tfflycrt(^gi-5 «t ? lc1-5*ft3MS:£fl!;t6 
<7)T% S 2 ©^'/^ u-if ft©,flS|t^^(C^fc 9 . 

40 si <n'<**\s-?%^£^xf&<Dnmm&mmm 

$iX. S2W^/UXft(D.flS.|t^^|Ct>fc<3, ^-^ 

(O^^ux u-if ftofls.ltffiJiEcortgBlcS 2 cd^nVux l — 
ifft(75S8»1Si££{£g£-tt5r til, fer^L^JSLT^ 

[El®Wffi*/j;tftBJ] 

[mi] z<r)^mnmm<nmmi^m^^—fr~- 

50 [HI2] Z(r>%w<nmMmmi^&z>u- -fr-- 
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fr&WnftMMit^mi-AW&nW, 1 <Ds<;ux u— f ± 
[04] Z<0%Wff)£1fc(0BMl — 1^7-- 

ins] ^<D%w<Dmm<Djfmiizmz>^-?7=-- 
'^m<D®.Mttm±±icidrtz>m i ^vu* u— if^t io 

[HI 6] ;nnimt6oiiin#5i,-f7=- 

[H7] rw^BjroHJgw^itc^^ U'—tFT-- 
T*S>5„ *20 
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[in 8] -<n%w<r>nm<DKmi\z&z>i'- j i?7=- 

[Bl 9 ] z<D%Wco , mm<oMM2{mzi'-- \?7-- 
^8f©f i ro^* v—VftZftOL-tzftmb Lift 

[iaio] r --ji-mm.nmj&tt-tT' 

1 ^vu^u-f-'^. 2 m 1 ©/^x u— if yt. 6 
S?2<7V</u;*u— if#, 8 «ftff.at7fr¥^ 9 & 
SB*m*K 10 ^ff^^*^ 15 Hfrw— 
I, 17 S*jKU— 18 Q^-fj/f, 19 
JS2*att3£4ffl#»flJ3fc^* ; f-, 2 0 fgl^ffiglS? 
7— » 2 1 ^2<DSf|5$7— , ZS%\<D'<A'7*V— 
1f*©m*tSI* (t'-A/N-^^) N 3 6 ^2<7>/nVU^ 

u— ^JferoHMrtWE (if-A/^v) i o i rteps 
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